1. Introduction {#s1}
===============

There are existing comprehensive interventions of classical risk factors including dyslipidemia, hypertension, diabetes mellitus and tobacco use. In addition, secondary prevention strategies are also well established and can be combined with such interventions and implemented in clinical practices. Coronary artery disease (CAD) remains a worldwide leading cause of death.[@b1],[@b2] The role of other unconventional risks in initiating and aggravating CAD is increasingly acknowledged. Thyroxin is a vital circulated hormone that maintains cardiovascular homeostasis. A subtle decrease of thyroid hormones is accompanied by elevation of thyroid stimulating hormone (TSH) without clinical manifestations. This is defined as subclinical hypothyroidism (SCH) and is prevalent but often neglected in study populations.[@b3] There is a convincing epidemiologic association found between SCH and subsequent coronary heart disease.[@b4] Some observational studies have shown that minor changes of thyroxin in SCH are associated with a 20%--80% increase in cardiovascular morbidity and mortality.[@b5],[@b6] This indicates a poorer prognosis of CAD patients with concomitant SCH. Unfortunately, as an unconventional cardiovascular risk, the role of SCH is still underestimated and has had few high-quality clinical trials.

Plaque characteristics are proved to be closely associated with the plaque progression and even subsequent coronary events.[@b7] Plaque characteristics in SCH patients such as intima media thickening, atherosclerotic plaque ulceration and hypercoagulable state have been scarcely reported in carotid artery of SCH patients by computed tomography.[@b8],[@b9] Other plaque characteristics in coronary artery are still unknown. Optical coherence tomography (OCT) is a modality with unrivaled spatial resolution in recognizing intravascular characteristics and assessing composition of coronary plaque. The aim of our study was to assess plaque characteristics of coronary artery in CAD patients with concomitant SCH by using OCT.

2. Methods {#s2}
==========

2.1. Study population {#s2a}
---------------------

From September 2014 to March 2017, 406 CAD patients receiving OCT imaging in our hospital were retrospectively identified and enrolled ([Figure 1](#jgc-15-08-534-g001){ref-type="fig"}). Exclusion criteria were settled as follows: (1) chronic total occlusion; (2) left main coronary artery disease; (3) cardiogenic shock; (4) extremely calcified or tortuous vessels with difficulty in advancing OCT catheter; (5) large vessels with diameter beyond the penetration limit of OCT; (6) congestive heart failure with left ventricular ejection fraction (LVEF) \< 40%; (7) liver dysfunction with a serum alanine transaminase and glutamic oxalacetic transaminase \> 2 times the upper normal limits; (8) renal insufficiency with baseline serum creatinine \> 2.0 mg/dL; and (9) acute ST-elevation myocardial infarction (STEMI). Thereafter, 12 patients were excluded (2 in SCH, 10 in non-SCH). Given the huge difficulty in recognizing plaque characteristics in poor quality OCT image due to insufficient blood clearance or heavy thrombus burden, we further excluded 11 patients with poor OCT image quality (1 in SCH, 10 in non-SCH). Finally, a total of 26 SCH patients, who were defined as having thyroid hormones within the normal range and elevated TSH level ( \> 4.5 mmol/L) were enrolled in our study and compared 1: 2 with patients without SCH based on a propensity-matched score. Matching criteria included conventional risk factors (in order) as age, diabetes mellitus, gender, CAD severity and culprit vessel. The study was approved by our institutional ethics committee, and all patients gave written informed consent before enrollment.

![Study flow chart.\
CAD: coronary artery disease; OCT: optical coherence tomography; SCH: subclinical hypothyroidism; STEMI: ST-elevation myocardial infarction.](jgc-15-08-534-g001){#jgc-15-08-534-g001}

2.2. OCT data acquisition and medication {#s2b}
----------------------------------------

Our study included patients with stable angina, non-ST-elevation acute coronary syndrome including unstable angina and non-ST-elevation myocardial infarction. Patients with STEMI were excluded due to culprit vessels being always occluded and having a heavy burden of thrombus, which resulted in difficulty in performing OCT without balloon predilations. Dual-antiplatelet drugs including aspirin (100 mg/day) and clopidogrel (75 mg/day) or ticagrelor (90 mg bid, namely, 180 mg/day) were routinely taken before the procedure. Intravenous heparin was given at an initial dose of 2000 U/kg before coronary angiography and then added to 100 U/kg for OCT examination.[@b10] Coronary imaging was acquired after administering 200 µg of intracoronary nitroglycerin. Based on coronary angiography results, target vessel was determined if the diameter stenosis exceeded 30% quantified by quantitative coronary angiography to conduct frequency-domain OCT examination (C7-XR, OCT Intravascular Imaging System; St. Jude Medical, St Paul, MN). Accordingly, a 2.7 Fr OCT imaging catheter (Dragonfly; LightLab Imaging, Inc.) was advanced distally to the target vessel lesion via a standard working wire, and then, automated pullback of catheter was manually triggered by injecting contrast medium into coronary artery for blood clearance. Pullback speed was 25 mm/s, and the whole scan had a length of 54 mm. Image acquisition was terminated when the region of interest was wholly scanned or the catheter entered the guide wire.[@b11]

2.3. OCT data analysis {#s2c}
----------------------

OCT images were stored and analyzed offline by using software supplied by LightLab imaging corporation. In one target vessel, two plaques were defined if the distance between the two lesions exceeded 10 mm. A single still frame of OCT image was chosen for every 1 mm segment throughout the entire scan of each lesion. Images were analyzed by two experienced investigators independently using previously established OCT analysis criteria.[@b12] When discordance occurred, a consensus reading was acquired by a third independent investigator. Specifically, lipid-rich plaques (LRP) were characterized as a low-signal region with diffuse border and occupying more than one quadrant, whereas calcific plaque was identified as having a sharp border. Thin-cap fibroatheroma (TCFA) was related to histopathologic definition, which is defined as a lipid-rich plaque with a lipid arc greater than 90° and a fibrous cap \< 65 µm at the thinnest point.[@b13] Meanwhile, presence of dissection, plaque erosion, thrombus, macrophage, calcific nodule and micro channel were all noted and labeled ([Figure 2](#jgc-15-08-534-g002){ref-type="fig"}).

![Representative images of optical coherence tomography of coronary characteristics.\
(A): Fibrotic plaque; (B) lipid-rich plaque with lipid pool occupying more than one quadrant; (C) calcific plaque; (D) lumen dissection; (E) plaque erosion with attached white thrombus; (F) thrombus; (G) macrophage; (H) calcific nodule; (I) vasa vasorum presented as micro channels; and (J) thin-cap fibroatheroma.](jgc-15-08-534-g002){#jgc-15-08-534-g002}

2.4. Statistical analysis {#s2d}
-------------------------

Categorical variables were expressed as absolute number and percentage while continuous variables were recorded as the mean ± SD or as median (25^th^, 75^th^ percentile) according to the data distribution. Categorical variables were compared by Chi-squared test or Fisher\'s exact test if necessary, while the continuous variables were compared by student\'s *t*-tests (if normally distributed) or Mann-Whitney U-test (if not normally distributed). A *P*-value \< 0.05 was considered statistically significant. All these data statistics were performed by SPSS, version 20.0 (SPSS Inc., IBM, USA).

3. Results {#s3}
==========

3.1. Baseline characteristics {#s3a}
-----------------------------

A total of 78 patients comprising 26 SCH patients (two with hormone replacement therapy) and 52 non-SCH patients were enrolled in our study. TSH level in SCH patients was significantly higher than that in non-SCH patients (5.96 ± 2.25 *vs.* 1.77 ± 0.91 mIU/L, *P* \< 0.0001). Ratio of patients with noncompliant LDL-C was also significantly higher in the SCH group (80.8% *vs.* 57.7%, *P* = 0.043). Other baseline characteristics including free T3 and free T4 were comparable between the two groups ([Table 1](#jgc-15-08-534-t01){ref-type="table"}). There was no difference in levels of high sensitivity C reactive protein (hs-CRP) (0.56 ± 0.23 mg/dL *vs.* 0.49 ± 0.17 mg/dL, *P* = 0.71), which represented inflammation severity.

###### Baseline characteristics.

  Variable                         SCH group (*n* = 26)   Non-SCH group (*n* = 52)   *P*-value
  ------------------------------- ---------------------- -------------------------- -----------
  Age, years                           60.7 ± 10.6               59.8 ± 8.9            0.87
  Female                                 13 (50%)                19(36.5%)             0.33
  Stable angina                         4 (15.4%)                 5(9.6%)              0.47
  Diabetes mellitus                     8 (30.8%)                19(36.5%)             0.80
  Hypertension                          16 (61.5%)               32(61.5%)              1.0
  Hyperlipidemia                        17 (65.4%)                26(50%)              0.23
  Prior smoker                          12 (46.2%)               19(36.5%)             0.47
  Statin use                            14 (53.8%)               29(55.8%)              1.0
  Amount of LDL-C \> 1.8 mmol/L         21 (80.8%)               30 (57.7%)            0.043
  CHO, mmol/L                          3.93 ± 1.02              3.84 ± 1.17            0.76
  LDL-C, mmol/L                        2.44 ± 0.88              2.26 ± 0.89            0.43
  HDL-C, mmol/L                        1.07 ± 0.21              1.08 ± 0.31            0.93
  TG, mmol/L                           1.58 ± 0.62              1.63 ± 1.05            0.83
  LVEF                                   60% ± 7%                 61% ± 6%             0.67
  FT3, pg/mL                           4.39 ± 0.73              4.44 ± 0.48            0.74
  FT4, ng/mL                           13.20 ± 2.70             14.07 ± 1.89           0.11
  TSH, mIU/L                           5.96 ± 2.25              1.77 ± 0.91          \< 0.0001
  Hs-CRP                               0.56 ± 0.23              0.49 ± 0.17            0.71

Data are presented as mean ± SD or *n* (%). CHO: cholesterol; HDL-C: high density lipoprotein cholesterol; Hs-CRP: high sensitivity C-reactive protein; FT3: free triiodothyronine; FT4: free thyroxine; LDL-C: low density lipoprotein cholesterol; LVEF: left ventricular ejection fraction; TG: triglyceride; TSH: thyroid stimulating hormone.

3.2. Coronary plaque characteristics {#s3b}
------------------------------------

There were a total of 29 vessels in the SCH group and 61 vessels in the non-SCH group. Two plaques in the same vessel were imaged in six SCH vessels, and the same situation was identified in five non-SCH vessels. As depicted in [Table 2](#jgc-15-08-534-t02){ref-type="table"}, coronary plaque characteristics were compared between two groups. LRP in the SCH group were significantly greater than those in the non-SCH (54% *vs.* 30.3%, *P* = 0.037), while more fibrous plaques were identified in the non-SCH group, yet without statistical significance (37.1% *vs.* 56.1%, *P* = 0.059). The mean value of maximum lipid arc was also significantly greater in the SCH group (181.5 ± 61.6° *vs.* 142.1 ± 35.9°, *P* = 0.046). Meanwhile, there were no differences found between the two groups in rates of calcific plaques (28.6% *vs.* 30.3%, *P* = 0.856) or in values of maximum calcific arc (166.2 ± 77.4° *vs.* 157.4 ± 75.6°, *P* = 0.766). Minimum fibrous cap thickness was not significantly different either (252.5 ± 78.9 *vs.* 225.6 ± 82.2 µm, *P* = 0.116). According to the definition of TCFA previously described, neither TCFA ratio difference (20% *vs.* 16.7%, *P* = 0.579) nor fibrous cap thickness (57.5 ± 14.0 *vs.* 63.5 ± 10.7 µm, *P* = 0.319) between the two groups was identified. Other OCT characteristics such as dissection, plaque erosion, thrombus, macrophage shadow and calcific nodule were also similar between the two groups. In a comparison of micro channels representing the vasa vasorum, no statistical significance was found between the two groups (17.1% *vs.* 34.8%, *P* = 0.061).

###### Coronary plaque characteristics.

  Variable                                  SCH group (*n* = 26)   Non-SCH group (*n* = 52)   *P*-value
  ---------------------------------------- ---------------------- -------------------------- -----------
  Vessels                                            29                       61                 \-
  LAD                                                18                       45                0.33
  LCX                                                3                        6                 0.90
  RCA                                                8                        10                0.26
  Lesion length, mm                              15.3 ± 7.1               18.1 ± 8.2            0.12
  Lumen area stenosis                           65.6 ± 15.6              70.4 ± 11.2            0.094
  Minimum lumen area, mm^2^                     2.93 ± 1.30              2.51 ± 0.99            0.12
  Number of plaques                                  35                       66                 \-
  Fibrous plaque                                 13 (37.1%)               37 (56.1%)            0.059
  Lipid-rich plaque                              18 (51.4%)               20 (30.3%)            0.037
  Maximum lipid arc, °                          181.5 ± 61.6             142.1 ± 35.9           0.046
  Calcification plaque                           10 (28.6%)               20 (30.3%)            0.86
  Maximum calcium arc, °                        166.2 ± 77.4             157.4 ± 75.6           0.77
  Average thickness of plaque intima, µm        252.5 ± 78.9             225.6 ± 82.2           0.12
  Dissection                                      3 (8.6%)                 6 (9.1%)             0.93
  Plaque erosion                                  1 (2.9%)                 1(1.5%)              0.65
  Thrombus                                        1 (2.9%)                 2 (3.0%)             0.96
  Macrophage                                     5 (14.3%)                9 (13.6%)             0.93
  Calcific nodule                                 1 (2.9%)                 3 (4.5%)             0.68
  Micro channel                                  6 (17.1%)                23 (34.8%)            0.061
  TCFA                                             7(20%)                 11(16.7%)             0.58
  Fibrous cap thickness of TCFA, µm             57.5 ± 14.0              63.5 ± 10.7            0.32

LAD: left anterior descending branch; LCX: left circumflex branch; RCA: right coronary artery; TCFA: thin-cap fibroatheroma.

4. Discussion {#s4}
=============

In this retrospective study, we assessed coronary plaque characteristics by performing OCT imaging in CAD patients with SCH for the first time, to the best of our knowledge. We found higher frequency of lipid-rich plaque with greater maximum lipid arc in SCH patients than that in non-SCH patients, though the rates of vulnerable plaques were similar between the two groups.

LRP, usually regarded as the precursor of vulnerable plaque and subsequent cardiovascular event, is unstable and prone to rupture.[@b14] According to a prospective study that performed OCT to observe coronary plaque progression from baseline to follow-up, the frequency of lipid pool was significantly higher in coronary plaques that displayed progression than those that did not. The study concluded that the lipid pool odds ratio (OR) value was 2.16, suggesting the risk factor profile of LRP in predicting plaque progression.[@b10] Furthermore, another recently published study showed that patients with LRP in non-culprit regions had higher incidence of future cardiac events than those without LRP.[@b15] In our study, the higher frequency of LRP in SCH patients over non-SCH patients also indicates the instability and the progression of coronary plaques in SCH patients with CAD. Meanwhile, LRP identified in 33.6% of the non-SCH patients is consistent with the rate reported in a previous study.[@b15] Considering the underlying mechanism, the relationship between SCH and hyperlipidemia was conflicting in population-based studies.[@b16]--[@b18] However, our study showed that the baseline lipid profile was similar in the two groups; therefore, we inferred that high frequency LRP may be due to subtle disturbance of lipid metabolism in SCH.[@b19] Interestingly, after choosing 1.8 mmol/L (the target value of lipid control in CAD patients) as the cutoff value of LDL-C, we found that there was a greater number of noncompliant patients in the SCH group than that of the non-SCH group. This may indicate the difficulty in lipid control and could be relevant to the prognosis.

Angiogenesis, a double-edged sword for responding to CAD, forms collateral arteries. On one hand, it alleviates ischemia, whereas on the other hand, it generates neovascularization, named vasa vasorum, to supply blood cells and inflammatory mediators, resulting in the progression and destabilization of coronary plaques. It has been reported that thyroid hormone induced angiogenesis through nongenomic effects as activation of ERK 1/2 and HIF 1α, while lack of thyroxin caused decreased angiogenesis.[@b9],[@b19] In our study, we found a trend of reduced micro channel, representing vasa vasorum, in SCH patients identified by OCT cross-sectional images. However, its clinical significance is still to be further elucidated.

Inflammation plays a role in the development and progression of atherosclerosis. hs-CRP is recognized as an inflammatory marker in predicting the instability of coronary plaques.[@b20],[@b21] It has been reported that hs-CRP levels were elevated in subclinical hypothyroidism patients.[@b22] In our study, there were no difference in hs-CRP levels between SCH patients with CAD and non-SCH ones, though elevations of hs-CRP occurred in both groups. Results indicated that hs-CRP greater increase caused by CAD possibly covered the hs-CRP lower elevation due to SCH.

There were some limitations to our study. First, this was a single-center retrospective study with enrollment of a small sample with possible selection bias. Second, the limited penetration of OCT image may negatively influence fully detecting deep components of coronary structures or accurately reflecting the "intact" and "true" coronary plaque characteristics in patients suffering CAD and SCH. Lastly, some plaques were excluded due to low adequacy in implementing OCT imaging on patients such as STEMI patients. This inevitably caused some bias by influencing accuracy of presentation and analysis.

In our study, greater lipid-rich plaques and larger lipid arcs were identified in CAD patients with concomitant SCH via, performing OCT imaging. This may indicate instability and vulnerability of coronary plaques in such patients, and influence clinical prognosis. Further studies with larger patient pools and prospective-design studies are warranted to confirm these results.
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